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Ac  acetyl 
acac  acetylacetone 
aq.  aqueous 
Ar  aryl 
Å  angstrome 
Brij 30  polyoxyethylene (4) lauryl ether 
Brij S-100  polyoxyethylene (100) stearyl ether 
Bu  butyl 
ca.  circa 
calcd.  calculated 
CMC  critical micelle concentration 
cod  cyclooctadiene 
°C  degree Celsius 
d  doublet 
Davephos  2-dicyclohexylphosphino-2’-(N,N-dimethylamino)biphenyl 
DBA  dibenzylideneacetone 
DBSA  dodecylbenzenesulfonic acid 
DDS  drug delivery system 
DMEDA  N,N'-dimethylethylenediamine 
DMF  N,N-dimethylformamide 
dmpe  1,2-bis(dimethylphosphino)ethane 
DMSO  dimethylsulfoxide 
dppf  1,1’-bis(diphenylphosphino)ferrocene 
EI  electron-impact 
eq.  equivalent 
Et  ethyl 
etc.  et cetera 
h  hour(s) 
HLB  hydrophile-lipophile balance 
HRMS  high resolution mass spectroscopy 
Hz  hertz 
Ind  indenyl 
IPr-HCl  1,3-bis(2,6-diisopropylphenyl)imidazolium chloride 
KHMDS  potassium bis(trimethylsilyl)amide 
LDA  lithium diisopropylamide 
lit.  literature 
  
 
LRMS  low resolution mass spectroscopy 
M  mega 
M  mole per liter 
m/z  mass to charge ratio 
Me  methyl 
Mes  mesityl 
min  minutes 
Mn  average molecular weight 
mol  mole(s) 
mol%  moles percent 
MS    molecular sieve  
n  normal 
N.R.  no reaction 
NaHMDS  sodium bis(trimethylsilyl)amide 
nbd  norbornadiene 
NMP  N-methyl-2-pyrrolidinone 
NMR  nuclear magnetic resonance 
o  ortho 
p  para 
PEG  polyethylene glycol 
Ph  phenyl 
Phen  phenanthroline 
Pin  pinacol 
ppm  parts per million 
PS  polystyrene 
PTS  PEG600-yl –tocopheryl sebacate 
Py  pyridine 
quant.  quantitative 
rt  room temperature 
s  singlet 
SDS  sodium dodecyl sulfate 
SIPr-HCl  1,3-bis(2,6-diisopropylphenyl)imidazolinium chloride 
t  tertiary 
t  triplet 
TBS  tert-butyldimethylsilyl 
t-BuXPhos 2-di-tert-butylphosphino-2′,4′,6′-triisopropylbiphenyl 
Temp.  temperature 
Tf  trifluorometanesulfonyl 
  
 
THF  tetrahydrofuran 
TMEDA  N,N,N’,N’-tetramethylethylenediamine 
TMHD  2,2,6,6-tetramethyl-3,5-heptanedione 
TMS  trimethylsilyl 
TPGS  polyoxyethanyl-α-tocopheryl succinate 
trace  trace amount 
Triton X-100 polyoxyethylene(10) octylphenyl ether 
Ts  tosyl 
vs.  versus 
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は，Brønsted 酸と界面活性剤としての性質を併せ持つ DBSA を用いたエステル化，エーテル
化などの脱水縮合反応や (Scheme 1),10 ロジウム触媒による [4+2] 環化付加反応などがある 
(Scheme 2).11 
 











Lipshutz らは遷移金属触媒によるカップリング反応に有効な界面活性剤として，PTS や 
TPGS-750-M を合成し，その有用性を報告した．これらは脂溶性ビタミンであるビタミン E 
を疎水性基として有する非イオン性界面活性剤であり，室温・水中にて Heck 反応や鈴木－
宮浦カップリング反応を円滑に進行させる (Scheme 3).13 
 

















とその例は少なく，2006 年 Chiba らによって報告された Diels-Alder 反応を含め,14 数例の





反応が進行すると考えられている (Table 1, Entry 7 vs. 2 and 3)． 
 
Table 1. Diels-Alder reaction in aqueous perfluorinated emulsions 
 
 
Figure 1. Diels-Alder reaction in perfluorinated micellar media 
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Figure 2. Fluorous copper complex 
 
 
 ところで，ポリエチレングリコール (PEG) を親水性基とした界面活性剤は，鎖長を調節す





ることが報告された (Figure 3).17 
 










セルは，DDS (Drug Delivery System) の観点からも興味深い対象である． 
当研究室では，PEG を親水性基として有するフルオラス界面活性剤の有機合成反応への応
用を目的に研究を行っており，これまでに，鈴木－宮浦カップリング反応が効率的に進行す







いると考えられる (Figure 4)． 
 










ルの N-アリール化反応の検討を行ったので，その詳細を第 2 章で記述する (Scheme 5).19 
 
Scheme 5. Cu-catalyzed arylboronic acids with imidazoles in water using fluorous surfactant 
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有している (Schemes 7 and 8)． 
 




















いう制限がある (Scheme 10)．続いて 2006 年 Buchwald らによって，パラジウム触媒による
芳香族ハロゲン化物のヒドロキシル化反応が報告され,26a 位置選択的にヒドロキシル基を導




すます高まっている (Scheme 12)． 
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Scheme 10. Ir-catalyzed CH borylation followed by oxidation 
 
 
Scheme 11. Pd-catalyzed hydroxylation of aryl halides 
 
 
















ェノールへ効率的に変換される反応系を見出したので , その詳細を第  1 章で述べる 
(Scheme 14).29 
 
Scheme 14. Micellar system in copper-catalyzed hydroxylation of arylboronic acids 
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る．芳香環上に窒素原子を導入する方法としては，銅触媒を用いた Ullmann 縮合や (Scheme 
15),30 Buchwald と Hartwig らによって開発された，パラジウム触媒によるハロゲン化アリー




Scheme 15. Ullmann condensation 
 
 







で室温にてイミダゾールの N-アリール化反応が進行することが報告されている (Scheme 
17).33 
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Scheme 17. Cu-catalyzed N-arylation using boronic acids 
 
 
 水を溶媒とした反応の利点については第 1 節で記述したが，触媒・基質の水に対する溶解
性の低さや，芳香族ボロン酸が水と反応しプロトン化体あるいはヒドロキシ化体が生じるた




Scheme 18. Side products from arylboronic acids 
 
 














り，本界面活性剤の新たな利用法を見出したといえる．詳細は第 2 章にて記述する.19 
 
Scheme 20. Cu-catalyzed arylboronic acids with imidazoles in water using fluorous surfactant 
 
 16 
第 5 節 銅触媒 C(sp3)H 結合官能基化を用いたイソインドリノン合成法 
 
 CN 結合形成反応は，生理活性物質や天然物の多くに含まれる含窒素化合物の合成手段と




っている.37 その一例として，2012 年 Muñiz らは，パラジウム触媒を用い，NFSI 
(N-fluorobenzenesulfonimide) を窒素源とする 2-メトキシトルエンのベンジル位酸化的スルホ
ンアミド化反応を開発した (Scheme 21).38 
 
Scheme 21. Pd-catalyzed intermolecular C(sp3)H amidation 
 
 
 また，高価なパラジウム触媒の代わりに，より安価な銅を用いた CN 結合形成反応も報
告されている．2005 年 Taylor らは chloramine T と銅触媒を用い，系中で銅－ナイトレン種




Scheme 22. Cu-catalyzed nitrene based C(sp3)H amidation 
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 ところで，1958 年 Kharasch らによって，シクロヘキセンに対して銅触媒と過安息香酸 
tert-ブチルを作用させることで，アリル位がエステル化された化合物が得られることが報告さ
れた (Scheme 23).41 この反応は報告者の名前をとり，Kharasch-Sosnovsky 反応と呼ばれてい
る.42 
 
Scheme 23. Kharasch-Sosnovsky reaction 
 
 
また，2001 年には不斉配位子を用いることで Kharasch-Sosnovsky 反応によるアリル位不斉エ
ステル化反応も開発され，その有用性はますます高まっている (Scheme 24).43 
 
Scheme 24. Asymmetric Kharasch-Sosnovsky reaction 
 
 
 これらの報告を皮切りに，銅触媒と過酸を組み合わせた sp3 炭素の修飾反応が盛んに研究
されている．近年では，C(sp3)O 結合形成反応だけではなく，アミンやアミドを添加するこ
とによって，C(sp3)N 結合の形成も可能になっている.44 2006 年 Powell らは，銅触媒と酸
化剤として tBuOOtBu を用い，インダン類に対して 2 級のスルホンアミドを作用させること
で，インダン類のベンジル位がスルホンアミド化された化合物が得られることを報告した 
(Scheme 25).44a 本反応の開発により，銅触媒の sp3 炭素修飾反応による 3 級アミドの合成が
可能になった． 
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Scheme 25. Amidation of benzylic CH bonds with secondary sulfonamides 
 
 
 また 2015 年には，ベンズアミドを用いたベンジル位のアミド化反応も開発されており 
(Scheme 26),45 銅触媒と過酸による C(sp3)N 結合形成反応は近年注目されている研究対象
であるといえるが，本反応を分子内に適用した例はこれまで報告がなかった． 
 
Scheme 26. Cu-catalyzed amidation of benzylic CH bonds with benzamides 
 
 







Figure 5. Isoindolinone frameworks 
 
 
 その合成法についてはこれまで活発に研究が行われてきた．2 位にハロゲンを有する N-ア
ルキルアミドを基質としたパラジウム触媒による閉環反応や,49 C(sp2)H 結合の活性化とCO













ンドリノン合成法であるといえる (Scheme 28).52 
 




ドリノン骨格を有する indoprofen (抗炎症作用) と DWP205190 (TNF-α 阻害作用)53 の合成




Scheme 29. Synthesis of indoprofen 
 
 





第 1 章 界面活性剤を利用した銅触媒による水中での芳香族ボロン酸のヒドロキシ
ル化反応 
 





行った．4-Methoxyphenylboronic acid (1a) を基質とし，酸素雰囲気下，5 mol% の塩化銅を用




が，収率は向上しなかった (Entry 2)．種々の界面活性剤を用いた検討を行ったところ (Entries 
36 and 8)，非イオン界面活性剤である Brij S-100 を 10 mol% 用いた際に，高収率で目的の
フェノール体が得られることが分かった (Entry 8)．このとき，Brij S-100 を 5 mol% または 30 
mol% 添加した条件においては，収率が低下した (Entries 7 and 9)．基質のミセルへの可溶化









Table 2. Effect of surfactant on the hydroxylation of 1a 
 
 
Table 3. Nitrile hydration mediated by RuII catalysts in micellar media54 
 
 
 さらなる最適条件の探索の結果 (Table 4)，銅触媒としては CuCl2 が最も適していること
が分かった (Entry 1 vs. 2–6)．また，鉄触媒では目的のフェノール体は全く得られず (Entries 7 
and 8)，銅触媒非存在下では反応が全く進行しないことも確認した (Entry 9)．また，本反応は 
6 時間で完結していることが分かった (Entry 10)．本反応を空気下で行うと，大幅な収率の低
下が観察され (Entry 11)，アルゴン雰囲気下では目的のフェノール体は全く得られなかった 
(Entry 12)．これらの結果から，酸素は本反応に必須である事が判明した． 
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  上述の最適条件，すなわち，CuCl2 5 mol%，Brij S-100 10 mol%，水溶媒中，室温，酸素雰
囲気下にて，様々なアリールボロン酸を用いた反応を行った (Table 5)．4 位にメチル基を有
する基質では，高収率で反応が進行した (Entry 1)．また，2 位や 3 位にメチル基を有する基
質でも良好な収率で目的生成物が得られた (Entries 2 and 3)．ハロゲン原子やエトキシカルボ
ニル基といった電子求引性基を有する基質では，60 °C に昇温することで収率が向上した 
(Entries 6, 9, 12, 14, 16, and 20)． 
 ところで，ミセルを用いた反応において，塩化ナトリウムを添加することで反応性が向上
し，触媒量や反応時間を減じても高収率で目的生成物が得られることが，2011 年に Lipshutz 





の基質に対して収率の向上がみられた (Entries 7 and 10)． 
 一方，キノリンを母核に持つボロン酸やビニルボロン酸を基質とした場合には，目的の反
応は全く進行しなかった (Entries 21 and 22)．前者においては，脱ホウ素化が進行したキノリ
ンの生成を確認した． 
 




Table 6. Effect of salt concentration on gold-catalyzed cycloisomerization of allenol in PTS/water55 
 
 
 さらなる本反応の汎用性を示すため，4-(methylthio)phenylboronic acid (1m) を基質とし，従
来の芳香族ボロン酸のヒドロキシル化反応で用いられる酸化剤 (過酸化炭素，oxone®) との反
応性の比較を行った (Table 7)．本反応系を用いると良好な収率で目的生成物 (2m) が得られ
るのに対し，過酸化水素，oxone® を用いた系では目的のフェノール体はほとんど得られず，
メチルチオ基に対しても酸化反応が進行した 3 または 4 が得られた．以上の結果より，本
反応は従来法である過酸化水素や oxone® と比較して，高い選択性で 2m が生成することが
判明し，本反応の有用性の一端を示した． 
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 種々のアリールボロン酸誘導体を用いた検討も行った (Table 8)．ボロキシンからはボロン
酸と同程度の収率でフェノールが得られた (Entry 1)．ピナコールボランでは低収率ながら反









第 2 節 反応機構の考察 
 前節までに述べてきた銅触媒によるアリールボロン酸のヒドロキシル化反応について，反
応機構に関する考察を行ったので，その詳細について述べる． 
 はじめに，臨界ミセル濃度 (CMC: Critical Micelle Concentration) 以下のものも含め，様々な
ミセル濃度における反応を行った (Table 9)．なお，本反応で用いている界面活性剤 Brij S-100 
の CMC は，0.020 mM である.56 検討の結果，CMC を境にして劇的な収率の変化は見られ
なかったが (Entry 2 vs. 3)，添加する界面活性剤を増やすとミセル内に可溶化できる基質・触
媒の量が増大し，収率の向上がみられた (Entries 5 and 6)．  
 

















10 当量の酸素同位体で標識された水を用いた反応が Lam らによって報告されている.57 こ
の際，酸素同位体で標識されたフェノールとされていないフェノールが 3:2 の比率で得られ
てきており (eq. 2)，今回得られた結果とよい一致を示している． 
 
Scheme 32. Mechanistic study (1) 
eq 1. 
 
eq. 2. Lam’s work57 
 
 
 さらに，酸素同位体で標識された酸素（18O2）を用いて本反応を行った (Scheme 33)．その
結果，僅かながらではあるが酸素同位体で標識されたフェノールが得られた (eq. 1)．なお，
 31 
前述の Lam らの報告 57 における 18O2 を用いた反応では，酸素同位体で標識されたフェノー
ルは得られていない (eq. 2)． 
 








芳香族ボロン酸とのトランスメタル化により錯体 1 が生成する．続いて，錯体 1 と水との配
位子交換が進行し、錯体 2 が生成する．ここで二価の銅錯体 2 が三価の銅錯体 3 に酸化さ
れ,58 還元的脱離が進行することで目的物であるフェノールが得られる．酸素と水により一価









第 2 章 界面活性剤を利用した水中での銅触媒 N-アリール化反応 
 








ラス界面活性剤としては，以前報告されたフルオラス界面活性剤 F8P6 (Figure 7) と類似の構
造を持つ 6 を調製し，これを用いることとした．6 は，ポリエチレングリコールモノメチル
エーテルを原料とし，ヒドロキシル基をトシル化後，フルオラスタグを有するアルコールと
反応させることで容易に得られた (Scheme 34)．なお，当研究室の萩原修士は，6c の界面活
性剤についてピレンをプローブとして用いた蛍光分析を行い，臨界ミセル濃度 (CMC) の推
定を行っている (0.51.0 mg/mL).18 
 
Figure 7. Fluorous surfactant F8P6 
 
 







して報告されているポリスチレン担持ジピリジルアミンリガンド60 を参考に，化合物 8 を新
規に合成することにした (Figure 8)．4-Perfluorooctylaniline に対して Sandmeyer 反応を行い
臭化アリール (7) とした後，続く銅触媒による 2,2’-dipyridylamine とのカップリング反応に
より，高収率でフルオラスジピリジルアミンリガンド (8) を合成した (Scheme 35)． 
 
Figure 8. Dipyridylamine ligand 
 
 




め，エチレンスペーサーを有するリガンド (11) およびアミド結合を有するリガンド (13) も
併せて合成した (Schemes 36 and 37)． 
 リガンド (11) は，4-bromoaniline を原料とし，亜硝酸ナトリウムとテトラフルオロホウ酸
を用いてジアゾ化後，perfluorohexylethylene とのカップリング反応により化合物 10 へと導
き，続く Rh/C 触媒によるオレフィンの還元と銅触媒を用いた 2,2’-dipyridylamine とのカッ
プリング反応により収率よく得た (Scheme 36)． 
 35 
 またリガンド 13 は，3-(perfluorooctyl)propanol を過マンガン酸カリウムでカルボン酸へと
酸化し，続く塩化チオニルとの反応により酸塩化物へ誘導後，2,2’-dipyridylamine と反応させ
ることで，低収率ながらも合成することができた (Scheme 37)． 
 
Scheme 36. Synthesis of fluorous dipyridylamine ligand (11) 
 
 
Scheme 37. Synthesis of fluorous dipyridylamine ligand (13) 
 
 
 ところで，2002 年 Knochel らは，銅触媒のリガンドとして 4 位にフルオラスタグを有す
るビピリジン (14) を用いることで，触媒の回収・再利用が可能なアルコール酸化反応を報告
している (Scheme 38).61 
 
 36 
Scheme 38. Copper-catalyzed oxidation of alcohols61 
 
          
 このフルオラスビピリジンリガンドが本反応に適用できないかと考え，上述の報告を参考
に，14 を合成した (Scheme 39)．また，スペーサーの炭素鎖が本反応に与える影響を調べる
ため，プロパンスペーサーを有するフルオラスビピリジンリガンド 15 および 16 を合成し，
本反応に用いることとした (Scheme 40). 両者とも，4,4’-dimethyl-2,2’-bipyridine のメチル基
を LDA (lithium diisopropylamide) にて脱プロトン化後，フルオラス部分を有するヨウ化アル
キルと反応させることで調製可能であった． 
 
Scheme 39. Synthesis of fluorous bipyridine ligand (14) 
 
 




第 2 節 界面活性剤を利用した水中での銅触媒 N-アリール化反応 
 4-Methoxyphenylboronic acid と imidazole のクロスカップリングをモデル反応に選択し，酢
酸銅を 10 mol%，フルオラス界面活性剤 (6b) を 30 mol% 用い，水溶媒中，室温，酸素雰囲




みられ，良好な収率にて N-アリールイミダゾール体が得られた (Entries 5–7)．スペーサーの
炭素鎖を比較すると，プロピレンスペーサーを有するリガンドでより高い収率で生成物を与
えることが分かった (Entries 6 and 7 vs. 5)．今後は原料の入手容易さから，パーフルオロヘキ
シル基を有するビピリジンリガンド (16) を用いることとした (Entry 7)．また，4 位にメチル
基を有するビピリジンでは大幅な収率の低下がみられた (Entry 8 vs. 7)．本反応はミセルの界
面で進行していると考察しており，フルオラスリガンドを用いることで界面に触媒が分散し




Table 10. Effect of fluorous ligands on N-arylation of imidazole 
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Figure 9. Reaction using fluorous surfactant  
 
 
 続いて銅触媒について検討を行ったところ (Table 11)，酢酸銅を用いた場合に最も収率よく
生成物が得られた (Entry 1 vs. 2–7)． 
 




った (Table 12)．まず，フルオラス界面活性剤 (6ac) の検討を行ったが，PEG の平均分子
量は収率に大きな影響を与えないことが分かった (Entries 24)．なお，当研究室の萩原が測
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定した蛍光スペクトルの結果より，本反応系における 6c の臨界ミセル濃度は 0.180.37 




ド A を用い，反応を行った (Entries 610)．その結果，Triton X-100, Brij 30 を用いた際にフ
ルオラス界面活性剤・リガンドを用いた反応系と同程度の良好な収率で目的生成物 (17a) を
与えた (Entries 8 and 9 vs. 3)．フルオラス界面活性剤・リガンドを用いた反応系について，さ
らに条件を精査した結果，6b を 50 mol% 用いることで収率の向上がみられ (Entry 11)，Ar 雰
囲気下では目的の反応はほとんど進行しなかった (Entry 13)． 
 





 上述のモデル基質において良好に反応が進行したリガンドと界面活性剤の 3 つの組み合
わせ，すなわち，Condition A: ligand 16 10 mol%，fluorous surfactant 6b 50 mol%，Condition B: 
ligand A 10 mol%，Triton X-100 50 mol%，Condition C: ligand A 10 mol%，Brij 30 50 mol% を用
い，酢酸銅 10 mol%，水溶媒中，室温，酸素雰囲気下という条件において，イミダゾールと
様々なアリールボロン酸とのカップリング反応を行い，本反応の基質適用範囲の検討とその
反応性の比較を行った (Table 13)．なお，Condition B, C に関しては，Condition A との反応性
の比較を行うため，界面活性剤の添加量をフルオラス界面活性剤を用いた際の最適条件であ
る 50 mol% に統一し反応を行うこととした． 
 様々なフェニルボロン酸について検討を行ったところ，条件を選択することで，概ね良好
な収率で目的の N-アリールイミダゾールが得られることが分かった (Entries 17)．4 位に電
子供与性基を有するフェニルボロン酸や無置換のフェニルボロン酸では，フルオラス界面活
性剤・フルオラスリガンドを用いた際 (Condition A) に最も高収率で反応が進行した (Entries 
13)．また，4 位に電子求引性基であるシアノ基やエトキシカルボニル基，2 位にメチル基を
有するフェニルボロン酸では Condition B を用いた際に良好な収率で目的の生成物が得られ
た (Entries 46)．最後に，ハロゲン原子である塩素原子や臭素原子を有するフェニルボロン










Table 13. Scope and limitation regarding arylboronic acids 
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 続いて，アミン求核剤について検討を行った (Table 14)．ベンズイミダゾールや 2-フェニ
ルイミダゾールに関しては，フルオラスリガンド・界面活性剤を用いた際に最も高い反応性

















































つの有効な反応系 (Condition A: fluorous ligand 16，fluorous surfactant 6b，Condition B: ligand A，








第 3 章 銅触媒 C(sp3)－H 結合官能基化を用いたイソインドリノン合成法の開発 
 
第 1 節 銅触媒 C(sp3)－H 結合官能基化を用いたイソインドリノン合成法 




 はじめに，2-メチルベンズアミド (19a) をモデル基質とし，ヨウ化銅を 10 mol%，過酸と
して di-t-butyl peroxide を用い，ベンゼン溶媒中，100 °C，Ar 雰囲気下にてリガンドの検討を
行った (Table 16)．まず，リガンドを添加しない条件では，ほとんど反応が進行しないこと
を確認した (Entry 1)．次に，窒素配位子を検討したところ，ピリジンを用いた際に僅差では
あるが，最も収率よく目的のイソインドリノン (20a) が得られることが分かった (Entries 
24)．続いて酸化剤の検討を行ったところ，di-t-butyl peroxide 以外では反応は進行しないこ
とが判明した (Entries 5 and 6)．溶媒の検討を行ったところ，本反応は非極性溶媒中で進行し 
(Entries 4 and 79)，その中でも 1,2-dichloroethane (DCE) を用いた際に最も高い収率を与えた．
また，DMF，DMSO などの高極性溶媒を用いた際には反応はほとんど進行しなかった (Entries 
10 and 11)． 
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Table 16. Effect of reaction parameters for the synthesis of 20a 
 
 
 さらに詳細な反応条件の検討を行った (Table 17)．まず銅触媒を精査したが，ヨウ化銅(I)
を上回る結果は得られなかった (Entries 24 vs. 1)．続いてリガンドについて再度検討を行っ
たところ，電子求引性基を有するピリジンや 2, 6 位に嵩高い置換基を有するピリジンを用い
た際には反応性の低下がみられた (Entries 5 and 6)．一方で，電子供与性基を有するピリジン
を用いた際には収率の向上がみられ (Entries 7 and 8)，DMAP を用いた際に高収率で目的生成
物が得られた (Entries 8)．更なる環境負荷の軽減を目標とし，銅触媒・リガンドの量を減じ
て検討を行ったが，収率は低下することなく効率的に目的の反応が進行した (Entry 9)．また，
本反応を空気中で行なった場合には，収率の低下が観察された (Entry 10)． 
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Table 17. Effect of reaction parameters for the synthesis of 20a (2) 
 
  
 これまでに最適化した条件，すなわち，CuI 10 mol%, DMAP 30 mol%, di-t-butyl peroxide 2 当





有する基質では，低収率ながら反応が進行することが判明した (Entry 7)．また，2 位にエチ
ル基を有する基質に対しては，良好な収率にて目的の環化体を与えた (Entry 8)． 
 続いて，アニリン上の置換基について検討を行ったところ，その電子状態に関わらず，中
程度から高収率にて目的生成物が得られることが分かった (Entries 915)．最後にアミドの窒
素上の置換基として，t-Bu 基を有する基質に対しても，本反応は適用可能であった (Entry 16)． 
 50 











体 (20a) は全く得られなかった (Scheme 43)．これは，本反応がラジカルを経由する機構で
進行していることを示唆する結果である． 
 
Scheme 43. Radical scavenger experiment 
 
 
続いて，分子間同位体効果についての検討を行った (Figure 10)．ベンズアミド側の 2-トリ
ル基上の水素がすべて重水素で置換された基質 (19a-D) を調製し，19a との反応速度の比よ
り分子間同位体効果 (kH/kD) を算出したところ，kH/kD = 1.3 という値が得られた．この結果よ
り， CH 結合の切断は本プロセスの律速段階には関与していないと考えられる． 
 
Figure 10. Intermolecular kinetic isotope effect from separate reactions 
 
 
 上記の実験結果と，銅触媒による C(sp3)H アミノ化反応の以前の報告を参考に，現時点
で想定される反応機構を以下に示す (Figure 11).44g 


















 第 1 章では，界面活性剤を利用した銅触媒による水中でのアリールボロン酸のヒドロキシ
ル化反応について述べた (Scheme 44)．検討の結果，酸素雰囲気下, CuCl2 5 mol%，Brij S-100 10 
mol%，水溶媒中，室温という最適化条件を見出した．本反応は電子求引性基を有する基質で





Scheme 44. Copper-catalyzed oxidative hydroxylation of arylboronic acids using surfactant in water 
 
 











Scheme 45. N-Arylation of imidazole in water using fluorous surfactant 
 
 
 第 3 章では，銅触媒による C(sp3)－H 結合官能基化を用いたイソインドリノン合成法に
ついて述べた (Scheme 46)．種々検討の結果，Ar 雰囲気下，CuI 10 mol%, DMAP 30 mol%, 
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Melting points (mp) were determined with a Yazawa micro melting point apparatus and uncorrected. 
Infrared (IR) data were recorded on SensIR ATR (Attenuated Total Reflectance) FT-IR. Absorbance 
frequencies are reported in reciprocal centimeters (cm-1). NMR data were recorded on a JEOL AL400 
(400 MHz) or JEOL ECA600 (600 MHz) spectrometer. Chemical shifts are expressed in  (parts per 
million, ppm) values and coupling constants are expressed in herts (Hz). 1H NMR spectra were 
referenced to tetramethylsilane as an internal standard or to a solvent signal (CDCl3: 7.26 ppm). 13C 
NMR spectra were referenced to tetramethylsilane as an internal standard or to a solvent signal 
(CDCl3: 77.0 ppm). The following abbreviations are used: s = singlet, d = doublet, t = triplet, q = 
quartet, m = multiplet, dd = double doublet, br = broad singlet. Low and high resolution mass spectra 
(LRMS and HRMS) were obtained from Mass Spectrometry Resource, Graduate School of 




All commercially available materials including copper and palladium salts were purchased from 
Tokyo Kasei Co., Aldrich Inc. and other commercial suppliers and were used as received. Flash 




Representative Procedure for Oxidative Hydroxylation of 4-Methoxyphenylboronic Acid (Table 
2, Entry 8) 
Under an O2 atmosphere, a mixture of 4-methoxyphenylboronic acid (1a) (45.6 mg, 0.30 mmol), 
CuCl2 (2.0 mg, 0.015 mmol) and Brij S-100 (140.1 mg, 0.030 mmol) in H2O (4 mL) was stirred for 6 
h at rt. The reaction mixture was diluted with brine and extracted with AcOEt (30 mL × 3), and then 
the combined organic layer was dried over MgSO4. The solvent was removed under reduced pressure 
and the residue was purified by SiO2 column chromatography (gradient elution; 1030% AcOEt in 




Obtained as yellow oil. 
1H NMR (400 MHz, CDCl3/TMS)  (ppm): 3.76 (s, 3H), 4.43 (br, 1H), 6.756.80 (m, 4H). 
13C{1H} NMR (100 MHz, CDCl3/TMS)  (ppm): 55.8, 114.9, 116.1, 149.6, 153.4. 
LRMS (EI) m/z: 124 (M+). 
HRMS Calcd. for C7H8O2: 124.0524, found: 124.0527. 




Obtained as yellow oil. 
1H NMR (400 MHz, CDCl3/TMS)  (ppm): 2.27 (s, 3H), 4.56 (s, 1H), 6.73 (d, 2H, J = 8.3 Hz), 7.03 (d, 
2H, J = 8.3 Hz). 
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13C{1H} NMR (100 MHz, CDCl3/TMS)  (ppm): 20.4, 115.1, 129.97, 130.05, 153.2. 
LRMS (EI) m/z: 108 (M+). 
HRMS Calcd. for C7H8O: 108.0575, found: 108.0550. 
IR (neat): 3401, 3293, 3204, 2924, 1614, 1361, 1221, 1170, 811, 738 cm-1. 
 
2-Methylphenol (2c)  
 
Obtained as yellow oil. 
1H NMR (400 MHz, CDCl3/TMS)  (ppm): 2.25 (s, 3H), 4.64 (s, 1H), 6.77 (d, 1H, J = 7.8 Hz), 6.85 
(dd, 1H, J = 7.8 Hz), 7.067.13 (m, 2H). 
13C{1H} NMR (100 MHz, CDCl3/TMS)  (ppm): 15.7, 114.9, 120.7, 123.7, 127.1, 131.0, 153.7. 
LRMS (EI) m/z: 108 (M+). 
HRMS Calcd. for C7H8O: 108.0575, found: 108.0562. 
IR (neat): 3506, 3299, 2958, 2924, 1443, 1346, 1169, 1006, 930, 751 cm-1. 
 
3-Methylphenol (2d)  
 
Obtained as yellow oil. 
1H NMR (400 MHz, CDCl3/TMS)  (ppm): 2.31 (s, 3H), 4.61 (s, 1H), 6.626.66 (m, 2H), 6.75 (d, 1H, 
J = 7.8 Hz), 7.11 (t, 1H, J = 7.8 Hz). 
13C{1H} NMR (100 MHz, CDCl3/TMS)  (ppm): 21.3, 112.3, 116.0, 121.6, 129.4, 139.8, 155.4. 
LRMS (EI) m/z: 108 (M+). 
HRMS: Calcd. for C7H8O: 108.0575, found: 108.0556. 
IR (neat): 3356, 2923, 2855, 1703, 1614, 1463, 1268, 1247, 928, 733 cm-1. 
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Phenol (2e)  
 
Obtained as colorless oil. 
1H NMR (400 MHz, CDCl3/TMS)  (ppm): 4.69 (s, 1H), 6.83 (d, 2H, J = 7.5 Hz), 6.93 (t, 1H, J = 7.5 
Hz), 7.227.26 (m, 2H). 
13C{1H} NMR (100 MHz, CDCl3/TMS)  (ppm): 115.3, 120.8, 129.6, 155.5. 
LRMS (EI) m/z: 94 (M+). 
HRMS Calcd. for C6H6O: 94.0419, found: 94.0404. 
IR (neat): 3333, 2360, 1933, 1596, 1474, 1367, 1229, 1071, 810, 690 cm-1. 
 
4-Fluorophenol (2f)  
 
Obtained as yellow oil. 
1H NMR (400 MHz, CDCl3/TMS)  (ppm): 4.66 (s, 1H), 6.756.79 (m, 2H), 6.906.95 (m, 2H). 
13C{1H} NMR (100 MHz, CDCl3/TMS)  (ppm): 116.0 (d, JFC = 22.9 Hz), 116.2 (d, JFC = 8.2 Hz), 
151.6 (d, JFC = 2.5 Hz), 157.3 (d, JFC = 238.4 Hz). 
LRMS (EI) m/z: 112 (M+). 
HRMS Calcd. for C6H5FO: 112.0324, found: 112.0336. 
IR (neat): 3403, 2924, 2853, 2362, 1724, 1497, 1457, 1288, 1199, 669 cm-1. 
 
4-Chlorophenol (2g)  
 
Obtained as yellow oil. 
1H NMR (400 MHz, CDCl3/TMS)  (ppm): 4.75 (s, 1H), 6.77 (d, 2H, J = 8.8 Hz), 7.19 (d, 2H, J = 8.8 
Hz). 
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13C{1H} NMR (100 MHz, CDCl3/TMS)  (ppm): 116.6, 125.7, 129.5, 154.1. 
LRMS (EI) m/z: 128 (M+). 
HRMS Calcd. for C6H5ClO: 128.0029, found: 128.0000. 
IR (neat): 3323, 3252, 2922, 2853, 1493, 1359, 1224, 1092, 824, 719 cm-1. 
 
4-Bromophenol (2h)  
 
Obtained as yellow oil. 
1H NMR (400 MHz, CDCl3/TMS)  (ppm): 4.75 (s, 1H), 6.72 (d, 2H, J = 9.0 Hz), 7.33 (d, 2H, J = 9.0 
Hz). 
13C{1H} NMR (100 MHz, CDCl3/TMS)  (ppm): 112.9, 117.2, 132.5, 154.6. 
LRMS (EI) m/z: 172 (M+). 
HRMS Calcd. for C6H5BrO: 171.9524, found: 171.9549. 




Recrystallized from hexane, colorless prisms, mp 94–95 °C (lit1 mp 89–90 ºC). 
1H NMR (400 MHz, CDCl3/TMS)  (ppm): 4.71 (s, 1H), 6.62 (d, 2H, J = 8.8 Hz), 7.52 (d, 2H, J = 8.8 
Hz). 
13C{1H} NMR (100 MHz, CDCl3/TMS)  (ppm): 82.6, 117.8, 138.4, 155.3. 
LRMS (EI) m/z: 220 (M+). 
HRMS Calcd. for C6H5IO: 219.9385, found: 219.9381. 





Recrystallized from AcOEt/hexane, yellow plates, mp 116–117 °C (lit.2 mp 116–118 ºC). 
1H NMR (400 MHz, CDCl3/TMS)  (ppm): 1.38 (t, 3H, J = 7.2 Hz), 4.34 (q, 2H, J = 7.2 Hz), 5.14 (s, 
1H), 6.85 (d, 2H, J = 8.8 Hz), 7.97 (d, 2H, J = 8.8 Hz). 
13C{1H} NMR (100 MHz, CDCl3/TMS)  (ppm): 14.3, 61.0, 115.3, 122.4, 131.9, 160.4, 167.2. 
LRMS (EI) m/z: 166 (M+). 
HRMS Calcd. for C9H10O3: 166.0630, found: 166.0634. 




Recrystallized from AcOEt/hexane, colorless prisms, mp 110–111 °C (lit.3 mp 115–117 ºC). 
1H NMR (400 MHz, CDCl3/TMS)  (ppm): 2.56 (s, 3H), 5.88 (s, 1H), 6.89 (d, 2H, J = 8.8 Hz), 7.91 (d, 
2H, J = 8.8 Hz). 
13C{1H} NMR (150 MHz, CDCl3/TMS)  (ppm): 26.3, 115.3, 130.4, 131.0, 160.2, 197.1. 
LRMS (EI) m/z: 136 (M+). 
HRMS Calcd. for C8H8O2: 136.0524, found: 136.0529. 




Recrystallized from Et2O/hexane, colorless prisms, mp 111113 °C (lit.4 mp 111–112 ºC). 
1H NMR (400 MHz, CDCl3/TMS)  (ppm): 6.17 (s, 1H), 6.92 (d, 2H, J = 8.7 Hz), 7.56 (d, 2H, J = 8.7 
Hz). 
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13C{1H} NMR (100 MHz, CDCl3/TMS)  (ppm): 103.7, 116.4, 119.1, 134.3, 159.8. 
LRMS (EI) m/z: 119 (M+). 
HRMS Calcd. for C7H5NO: 119.0371, found: 119.0369. 




Recrystallized from AcOEt/hexane, colorless plates, mp 8789 °C (lit.5 mp 85 ºC). 
1H NMR (400 MHz, CDCl3/TMS)  (ppm): 2.44 (s, 3H), 4.78 (br.s, 1H), 6.776.80 (m, 2H), 
7.21 (m, 2H). 
13C{1H} NMR (150 MHz, CDCl3/TMS)  (ppm): 18.1, 116.0, 129.0, 130.4, 154.0. 
LRMS (EI) m/z: 140 (M+). 
HRMS Calcd. for C7H8OS: 140.0296, found: 140.0257. 




Recrystallized from AcOEt/hexane, colorless prisms, mp 110111 °C (lit.6 mp 103.5–104 ºC). 
1H NMR (400 MHz, CDCl3/TMS)  (ppm): 2.74 (s, 3H), 6.96 (d, 2H, J = 8.8 Hz), 7.52 (d, 2H, J = 8.8 
Hz). 
13C{1H} NMR (150 MHz, CDCl3/TMS)  (ppm): 43.2, 116.3, 126.0, 133.9, 160.2. 
LRMS (EI) m/z: 156 (M+). 
HRMS Calcd. for C7H8O2S: 156.0245, found: 156.0244. 





Recrystallized from AcOEt/hexane, colorless prisms, mp 9395 °C (lit.7 mp 94–96 ºC). 
1H NMR (400 MHz, CDCl3/TMS)  (ppm): 3.04 (s, 3H), 6.966.98 (m, 2H), 7.79 (m, 2H). 
13C{1H} NMR (150 MHz, CDCl3/TMS)  (ppm): 44.9, 116.1, 129.8, 132.0, 160.6. 
LRMS (EI) m/z: 172 (M+). 
HRMS Calcd. for C7H8O3S: 172.0194, found: 172.0194. 





















Under an Ar atmosphere, Et3N (4.0 mL, 28.4 mmol) was added to a mixture of [poly(ethylene glycol) 
methyl ether (Mn = 1000)] (2.0 g, 2.0 mmol) and p-toluenesulfonyl chloride (2.0 g, 10.1 mmol) in dry 
CH2Cl2 (10 mL) and the mixture was stirred for 3 h at 0 °C. After warming up to room temperature, 
the mixture was stirred overnight. The reaction mixture was concentrated under the reduced pressure 
and the residue was reprecipitated in Et2O/iPrOH (4/1). The resulting precipitates were filtrated and 
washed with Et2O to give 5a (1.48 g, 64%) as a colorless powder. 
1H NMR (400 MHz, CDCl3/TMS)  (ppm): 2.45 (s, 3H), 3.38 (d, 3H, J = 1.0 Hz), 3.543.66 (m, 
PEGH), 7.34d, 2H, J = 8.1 Hz 7.79 (d, 2H, J = 8.1 Hz). 
13C{1H} NMR (100 MHz, CDCl3/TMS)  (ppm): 8.5, 21.5, 45.7, 58.9, 68.5, 69.1, 70.1, 70.39, 70.45, 
70.6, 71.8, 127.8, 129.7, 132.9, 144.7. 
IR (neat): 3887, 3745, 3657, 2355, 2108, 1735, 1561, 1466, 1110, 846 cm-1. 
 





5b was synthesized in the same manner as 5a utilizing [poly(ethylene glycol) methyl ether (Mn = 
2000)] (9.9 g, 5.0 mmol). The resulting precipitates were filtrated and washed with Et2O to give 5b 
(11.4 g, >99%) as a colorless powder. 
1H NMR (400 MHz, CDCl3/TMS)  (ppm): 2.45 (s, 3H), 3.38 (s, 3H), 3.53 (m, PEGH), 7.34d, 
2H, J = 8.1 Hz (m, 2H, J = 8.1 Hz). 
13C{1H} NMR (100 MHz, CDCl3/TMS)  (ppm): 8.6, 45.8, 59.0, 68.6, 69.2, 70.4, 70.5, 70.7, 71.9, 
126.1, 127.9, 128.8, 129.8. 
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IR (neat): 2863, 2855, 2365, 2163, 1471, 1343, 1112, 1060, 841, 699 cm-1. 
 





5c was synthesized in the same manner as 5a utilizing [poly(ethylene glycol) methyl ether (Mn = 
5000)] (10.0 g, 2.0 mmol). The resulting precipitates were filtrated and washed with Et2O to give 5c 
(9.2 g, 89%) as a colorless powder. 
1H NMR (400 MHz, CDCl3/TMS) (ppm): 3.38 (s, 3H), 3.473.82 (m, PEGH), 4.15 (t, J = 4.6 Hz, 
2H), 7.34 (d, 2H, J = 7.8 Hz), 7.79 (d, 2H, J = 7.8 Hz). 
13C{1H} NMR (100 MHz, CDCl3/TMS)  (ppm): 70.5. 
IR (neat): 3851, 3687, 3646, 2027, 1652, 1505, 1456, 1112, 670, 664 cm-1. 
 
1-[poly(ethylene glycol) monomethylether]-2, 2, 3, 3, 4, 4, 5, 5, 6, 6, 7, 7, 8, 8, 9, 9, 9 




NaH (0.53 g, 12.0 mmol) was added to 2, 2, 3, 3, 4, 4, 5, 5, 6, 6, 7, 7, 8, 8, 9, 9, 9 
-heptadecafluorononanol (2.7 g, 6.4 mmol) dissolved in dry THF (100 mL) and stirred for 1 h at room 
temperature. 5a (2.3 g, 2.0 mmol) was added and the mixture was refluxed for 24 h. After cooling 
down to room temperature, the mixture was concentrated under the reduced pressure. The residue was 
diluted with H2O and extracted with CHCl3 (30 mL × 3). The organic layer was dried over MgSO4 and 
the solvent was removed under the reduced pressure. The residue was reprecipitated in Et2O. The 
resulting precipitates were filtrated and dissolved in CH2Cl2, and then reprecipitated in hexane. The 
resulting precipitates were filtrated and washed with hexane to give 6a (2.3 g, 81%) as a colorless 
powder. 
1H NMR (400 MHz, CDCl3/TMS)  (ppm): 3.38 (s, 3H), 3.54 (m, PEGH), 4.05 (t, 2H, J = 14.1 
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Hz). 
13C{1H} NMR (100 MHz, CDCl3/TMS)  (ppm): 59.0, 70.48, 70.53, 70.6, 70.7, 71.9, 72.3. 
IR (neat): 3800, 3674, 3587, 3438, 2194, 2157, 1962, 1651, 1107, 843 cm-1. 
 
1-[poly(ethylene glycol) monomethylether]-2, 2, 3, 3, 4, 4, 5, 5, 6, 6, 7, 7, 8, 8, 9, 9, 9 




6b was synthesized in the same manner as 6a utilizing 5b (8.4 g, 3.9 mmol). The resulting precipitates 
were filtrated and washed with hexane to give 6b (8.0 g, 84%) as a colorless powder. 
1H NMR (400 MHz, CDCl3/TMS)  (ppm): 3.38 (s, 3H), 3.46 (m, PEGH), 4.04 (t, 2H, J = 13.9 
Hz). 
13C{1H} NMR (100 MHz, CDCl3/TMS)  (ppm): 58.8, 70.3, 70.4, 70.5, 71.7, 72.1. 
IR (neat): 2882, 1466, 1343, 1280, 1241, 1147, 1111, 1060, 964, 841 cm-1. 
 
1-[poly(ethylene glycol) monomethyl ether]-2, 2, 3, 3, 4, 4, 5, 5, 6, 6, 7, 7, 8, 8, 9, 9, 9 




6c was synthesized in the same manner as 6a utilizing 5c (9.9 g, 1.9 mmol). The resulting precipitates 
were filtrated and washed with hexane to give 6c (9.3 g, 89%) as a colorless powder. 
1H NMR (400 MHz, CDCl3/TMS) (ppm): 3.38 (s, 3H), 3.463.82 (m, PEGH), 4.04 (t, 2H, J = 14.4 
Hz,). 
13C{1H} NMR (100 MHz, CDCl3/TMS)  (ppm): 70.5. 







A mixture of 4-perfluorooctylaniline (1.8 g, 3.5 mmol) and aq. 48% HBr (6 mL) in H2O (20 mL) was 
cooled to 0 °C and NaNO2 (0.48 g, 7.0 mmol) dissolved in H2O (2 mL) was added dropwise to the 
mixture. The reaction mixture was stirred for 15 min at 0 °C and CuBr (0.77 g, 5.4 mmol) dissolved in 
aq. 48% HBr (4 mL) was added dropwise. The mixture was stirred for 25 min at 70 °C and after 
cooling down to room temperature. The reaction mixure was diluted with H2O and extracted with Et2O 
(30 mL × 3). The organic layer was washed with 10% NaOH (15 mL) and dried over MgSO4. The 
solvent was removed under the reduced pressure and the residue was purified by SiO2 column 
chromatography using hexane and FSPE (80% MeOH/H2OAcOEt) using perfluorinated silica gel to 
give 7 (1.7 g, 85%). 
Mp 3738 °C (recrystallized from hexane, colorless prisms). 
1H NMR (400 MHz, CDCl3/TMS)  (ppm): 7.46 (d, 2H, J = 8.5 Hz,), 7.66 (d, 2H, J = 8.5 Hz,). 
13C{1H} NMR (125 MHz, CDCl3/TMS)  (ppm): 127.0, 128.5 (t, JFC = 6.2 Hz), 132.1. 
LRMS (EI) m/z: 574 (M+). 
HRMS: Calcd. for C14H4BrF17: 573.9225. Found: 573.9203. 







Under an Ar atmosphere, a mixure of 2,2’-dipyridylamine (1.3 g, 7.6 mmol), 
4-bromoperfluorooctylbenzene (7) (4.8 g, 8.4 mmol), CuSO4∙5H2O (0.11 g, 0.45 mmol), and K2CO3 
(1.8 g, 13.0 mmol) was stirred for 11 h at 206 °C. After cooling down to room temperature, the mixure 
was diluted with H2O and extracted with CH2Cl2 (30 mL × 3). The organic layer was dried over 
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MgSO4 and the solvent was removed under the reduced pressure. The residue was purified by SiO2 
column chromatography (gradient elution; 2050% AcOEt in hexane) to give 8 (4.0 g, 79%). 
Mp 119120 °C (recrystallized from hexane, brown prisms). 
1H NMR (400 MHz, CDCl3/TMS)  (ppm): 7.007.06 (m, 4H), 7.227.30 (m, 2H), 7.52 (d, 2H, J = 
8.5 Hz), 7.62 (td, 2H, J = 7.8, 2.0 Hz), 8.37 (dd, 2H, J = 5.5, 1.8 Hz). 
13C{1H} NMR (125 MHz, CDCl3/TMS)  (ppm): 116.4, 117.8, 119.2, 125.1, 137.7, 137.9, 148.9, 
157.6. 
LRMS (EI) m/z: 665 (M+). 
HRMS: Calcd. for C24H12F17N3: 665.0760. Found: 665.0720. 
IR (neat): 3852, 3744, 3647, 1653, 1559, 1507, 1147, 939, 776, 665 cm-1. 
 
4-Bromobenzenediazonium tetrafluoroborate (9) 
Br N2BF4
 
4-Bromoaniline (0.81 g, 4.7 mmol) was dissolved in minimal amount of H2O and 48% tetrafluoroboric 
acid (2.7 mL, 21.8 mmol) was added. A solution of NaNO2 (0.68 g, 9.8 mmol) in minimal amount of 
H2O was added dropwise to the mixture cooling with an ice/salt bath. The resulting precipitate was 
washed with H2O (5 mL × 2) and the crude product was purified by reprecipitation in CH3CN/Et2O 
(1/1) to give 9 (0.86 g, 68%). 
Mp 132133 °C. 
1H NMR (500 MHz, DMSO-d6)  (ppm): 8.25 (dt, 2H, J = 9.6, 2.4 Hz,), 8.57 (dt, 2H, J = 9.6, 2.4 Hz,). 
13C{1H} NMR (100 MHz, DMSO-d6)  (ppm): 115.1, 133.9, 134.5, 136.5. 
LRMS (EI) m/z: 183 (M)+. 
HRMS: Calcd. for C6H4BrN2+: 182.9552. Found: 182.9562. 








Under an Ar atmosphere, (perfluorohexyl)ethylene (3.8 g, 10.9 mmol) was added dropwise to a 
mixture of 9 (2.7 g, 9.8 mmol) and Pd(OAc)2 (23.1 mg, 0.10 mmol) in dry MeOH (10 mL). The 
mixture was heated at 40 °C until gas evolution ceased. The mixture was stirred for additional 10 min 
and the solvent was removed under the reduced pressure. The residue was extracted with AcOEt (30 
mL × 4), and the organic layer was dried over MgSO4, and then the solvent was removed under the 
reduced pressure. The residue was purified by SiO2 column chromatography using hexane to give 10 
(4.8 g, 98%) as colorless oil. 
1H NMR (400 MHz, CDCl3/TMS)  (ppm): 6.146.24 (m, 1H), 7.11 (dt, 1H, J = 16.0, 2.5 Hz), 7.34 (d, 
2H, J = 8.4 Hz), 7.54 (d, 2H, J = 8.4 Hz). 
LRMS (EI) m/z: 500 (M+). 
HRMS: Calcd. for C14H6BrF13: 499.9445. Found: 499.9446. 







A mixture of 10 (3.4 g, 6.8 mmol) and Rh/C (145.9 mg, 0.0709 mmol) in dry MeOH (5mL) was 
stirred under 1 atm of H2 for 24 h at room temperature. The mixure was diluted with AcOEt, filtered 
through a celite, and washed with AcOEt (30 mL). The combined organic extracts were washed with 
H2O (5 mL × 2) and brine (5 mL). The organic layer was dried over MgSO4 and the solvent was 
removed under the reduced pressure. The residue was purified by SiO2 column chromatography using 
hexane to give the hydrogenated crude product as colorless oil. 
Under an Ar atmosphere, a mixture of the above crude product (1.7 g), CuSO4∙5H2O (41.2 mg, 0.17 
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mmol), and K2CO3 (0.56 g, 4.1 mmol) was stirred for 13 h at 206 °C. After cooling down to room 
temperature, the mixure was diluted with H2O and extracted with CHCl3 (30 mL × 3). The organic 
layer was dried over MgSO4 and the solvent was removed under the reduced pressure. The residue was 
purified by SiO2 column chromatography (eluent; AcOEt/hexane = 1/1) and FSPE (80% 
MeOH/H2OAcOEt) using perfluorinated silica gel to give 11 (1.4 g, 77%) as yellow oil. 
1H NMR (400 MHz, CDCl3/TMS)  (ppm): 2.34 (m, 2H), 2.902.94 (m, 2H), 6.906.94 (m, 2H), 
6.99 (dd, 2H, J = 8.3, 0.8 Hz), 7.14 (d, 2H, J = 8.5 Hz) 7.22 (d, 2H, J = 8.2 Hz), 7.537.56 (m, 2H), 
8.32 (dt, 2H, J = 5.0, 1.0 Hz). 
13C{1H} NMR (100 MHz, CDCl3/TMS)  (ppm): 25.9 (t, JFC = 4.1 Hz), 32.8 (t, JFC = 22.1 Hz), 116.8, 
118.0, 127.4, 129.4, 136.1, 137.4, 143.6, 148.4, 158.0. 
LRMS (EI) m/z: 593 (M+). 
HRMS: Calcd. for C24H16F13N3: 593.1137. Found: 593.1104. 
IR (neat): 3033, 1737, 1586, 1465, 1428, 1233, 1142, 974, 771, 677 cm-1. 
 




KMnO4 (1.2 g, 7.5 mmol) was dissolved in H2O (30 mL) and added dropwise to a mixture of 
3-(perfluorooctyl)propanol (3.6 g, 7.5 mmol) and Bu4NHSO4 (0.35 g, 1.0 mmol) in dry toluene (23 
mL). The biphasic mixture was vigorously stirred for 4 h at 70 °C. After cooling down to room 
temperature, the mixure was acidified with 1M HCl and saturated aq. Na2S2O3 was added until the 
mixture became colorless. The aqueous layer was extracted with Et2O (30 mL × 3) and the organic 
layer was washed with brine (5 mL), and then dried over Na2SO4. The solvent was removed under the 
reduced pressure and the residue was purified by recrystallization from CHCl3 to give 12 (1.5 g, 42%) 
as colorless prisms. 
Mp 9798 °C. 
1H NMR (400 MHz, Acetone-d6)  (ppm): 2.50 (m, 4H), 11.00 (br.s, 1H). 
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13C{1H} NMR (150 MHz, Acetone-d6)  (ppm): 25.4, 27.1 (t, JFC = 21.4 Hz), 172.3. 
LRMS (EI) m/z: 493 (M+1)+. 
HRMS: Calcd. for C11H6F17O2: 493.0091. Found: 493.0095. 
IR (neat): 3030, 3007, 2846, 2336, 1710, 1223, 1144, 1133, 1038, 984, 668 cm-1. 
 







Under an Ar atmosphere, a mixture of 2H,2H,3H,3H-perfluoroundecanoic acid (2.4 g, 4.9 mmol), 
SOCl2 (1.5 mL, 21.1 mmol), and dry DMF (0.1 mL) was stirred for 4 h at 70 °C. After cooling down 
to room temperature, the mixture was concentrated under the reduced pressure to give the crude acid 
chloride. 
Under an Ar atmosphere, a mixture of 12 (0.86 g, 5.0 mmol) and Et3N (1.4 mL, 13.8 mmol) in dry 
THF (10 mL) was cooled to 0 °C and the above crude acid chloride was added dropwise to the mixture. 
The reaction mixture was stirred for 1.5 h at 0 °C, and warmed up to room temperature, and then 
stirred overnight. The mixture was diluted with saturated aq. NaHCO3 (5 mL) and extracted with 
CHCl3 (30 mL × 2). The organic layer was dried over Na2SO4 and the solvent was removed under the 
reduced pressure. The residue was purified by SiO2 column chromatography (eluent; MeOH/CHCl3 = 
1/20), FSPE (80% MeOH/H2OAcOEt) using perfluorinated silica gel, and recrystallization from 
AcOEt/hexane to give 13 (0.34 g, 11%) as colorless prisms. 
Mp 5455 °C. 
1H NMR (400 MHz, CDCl3/TMS)  (ppm): 2.612.70 (m, 4H), 7.217.26 (m, 2H), 7.45 (d, 2H, J = 
8.2 Hz), 7.78 (td, 2H, J = 7.9, 2.1 Hz), 8.47 (m, 2H). 
13C{1H} NMR (100 MHz, CDCl3/TMS)  (ppm): 26.9 (t, JFC = 21.1 Hz), 27.6, 121.9, 122.3, 138.2, 
149.0, 154.0, 170.7. 
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LRMS (EI) m/z: 645 (M+). 
HRMS: Calcd. for C21H12F17N3O: 645.0709. Found: 645.0731. 




Under an Ar atmosphere, iPr2NH (0.82 mL, 11.3 mmol) in dry THF (45 mL) was cooled to 78 °C and 
n-BuLi (7.2 mL, 19.0 mmol, 2.6 M in hexanes) was added dropwise. The mixture was stirred for 30 
min at 0 °C and warmed up to room temperature, and then stirred for 1 h. The mixture was cooled to 
78 °C and 4,4’-dimethyl-2,2’-bipyridine (1.6 g, 8.5 mmol) dissolved in THF (31 mL) was added 
dropwise. The mixture was stirred for 3 h at 78 °C, and 3-(perfluorooctyl)propyl iodide (10.3 g, 17.9 
mmol) dissolved in THF (20 mL) was added dropwise. The mixture was stirred for 1 h at 78 °C, and 
warmed up to room temperature, and then stirred overnight. The mixture was diluted with brine and 
extracted with Et2O (30 mL × 3). The organic layer was dried over Na2SO4 and the solvent was 
removed under the reduced pressure. The residue was purified by recrystallization from hexane to give 
14 (1.4 g, 42%) as colorless prisms. 
Mp 134135 °C. 
1H NMR (400 MHz, CDCl3/TMS)  (ppm): 1.651.74 (m, 4H), 1.771.86 (m, 4H), 2.042.19 (m, 4H), 
2.76 (t, 4H, J = 7.6 Hz), 7.14 (dd, 2H, J = 5.0, 1.2 Hz), 8.26 (s, 2H), 8.58 (d, 2H, J = 5.0 Hz). 
LRMS (EI) m/z: 1076 (M+). 
HRMS: Calcd. for C32H18F34N2: 1076.0927. Found: 1076.0929. 






15 was synthesized in the same manner as 14 utilizing 3-(perfluorooctyl)ethyl iodide (6.1 g, 10.4 
mmol). Recrystallization from hexane gave 15 (0.59 g, 15%) as colorless prisms. 
Mp 127128 °C. 
1H NMR (400 MHz, CDCl3/TMS)  (ppm): 2.00 (m, 8H), 2.802.89 (m, 4H), 7.16 (dd, J = 4.9, 
1.5 Hz, 4H), 8.28 (s, 2H), 8.598.62 (m, 2H). 
LRMS (EI) m/z: 1105 (M+1)+. 
HRMS: Calcd. for C34H23F34N2: 1105.1318. Found: 1105.1310. 




16 was synthesized in the same manner as 14 utilizing 3-(perfluorohexyl)ethyl iodide (4.8 g, 10.2 
mmol). Recrystallization from hexane gave 16 (0.53 g, 12%) as colorless prisms. 
Mp 127128 °C. 
1H NMR (400 MHz, CDCl3/TMS)  (ppm): 2.00 (m, 8H), 2.802.89 (m, 4H), 7.16 (dd, J = 4.9, 
1.5 Hz, 4H), 8.28 (s, 2H), 8.598.62 (m, 2H). 
LRMS (EI) m/z: 1105 (M+1)+. 
HRMS: Calcd. for C34H23F34N2: 1105.1318. Found: 1105.1310. 
IR (neat): 3984, 3907, 3753, 3538, 1239, 1170, 1026, 823, 712, 661 cm-1. 
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Representative Procedure for N-Arylation of Imidazole 
Coupling reaction using 6b as a surfactant (Table 12, entry 11, Condition A) 
A mixture of Cu(OAc)2 (3.6 mg, 0.020 mmol), 16 (21.6 mg, 0.020 mmol), and 6b (0.25 g, 0.10 mmol) 
in MeOH (1 mL) was heated to dissolve all the reagents added completely and MeOH was removed 
under the reduced pressure. H2O (6 mL) was added to the residue and then 4-methoxyphenylboroic 
acid (60.8 mg, 0.40 mmol) and imidazole (13.6 mg, 0.20 mmol) were added. The whole reaction 
mixture was stirred under an O2 atmosphere at room temperature for 24 h. The mixture was diluted 
with brine and extracted with AcOEt (30 mL × 3). The organic layer was washed with H2O (10mL × 3) 
and dried over MgSO4. The solvent was removed under the reduced pressure and the residue was 
purified by SiO2 column chromatography using AcOEt to give N-(4-methoxyphenyl)imidazole (17a) 
(26.4 mg, 78%). 
 
Coupling reaction using Triton X-100 as a surfactant (Table 12, entry 8, Condition B) 
Under an O2 atmosphere, a mixture of 4-methoxyphenylboroic acid (60.8 mg, 0.40 mmol), imidazole 
(13.6 mg, 0.20 mmol), Cu(OAc)2 (3.6 mg, 0.020 mmol), 4,4’-dimethyl-2,2’-dipyridyl (ligand A) (3.7 
mg, 0.020 mmol), and Triton X-100 (38.8 mg, 0.060 mmol) in H2O (4 mL) was stirred at room 
temperature for 24 h. The mixture was diluted with brine and extracted with AcOEt (30 mL × 3). The 
organic layer was washed with H2O (10mL × 3) and dried over MgSO4. The solvent was removed 
under the reduced pressure and the residue was purified by SiO2 column chromatography using AcOEt 
to give N-(4-methoxyphenyl)imidazole (17a) (23.0 mg, 66%). 
 
Coupling reaction using Brij 30 as a surfactant (Table 12, entry 9, Condition C) 
Under an O2 atmosphere, a mixture of 4-methoxyphenylboroic acid (60.8 mg, 0.40 mmol), imidazole 
(13.6 mg, 0.20 mmol), Cu(OAc)2 (3.6 mg, 0.020 mmol), 4,4’-dimethyl-2,2’-dipyridyl (ligand A) (3.7 
mg, 0.020 mmol), and Brij 30 (21.8 mg, 0.060 mmol) in H2O (4 mL) was stirred at room temperature 
for 24 h. The mixture was diluted with brine and extracted with AcOEt (30 mL × 3). The organic layer 
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was washed with H2O (10mL × 3) and dried over MgSO4. The solvent was removed under the reduced 
pressure and the residue was purified by SiO2 column chromatography using AcOEt to give 







Obtained as colorless oil. 
1H NMR (400 MHz, CDCl3/TMS)  (ppm): 3.85 (s, 3H), 6.98 (d, 2H, J = 8.8 Hz), 7.18m, 2H 
7.30 (d, 2H, J = 8.8 Hz), 7.78 (br.s, 1H). 
LRMS (EI) m/z: 174 (M+). 
HRMS: Calcd. for C10H10N2O: 174.0793. Found: 174.0770. 




Obtained as yellow oil. 
1H NMR (400 MHz, CDCl3/TMS)  (ppm): 2.41 (s, 3H), 7.197.21 (m, 1H), 7.25m, 5H 7.83 
(br.s, 1H). 
LRMS (EI) m/z: 158 (M+). 
HRMS: Calcd. for C10H10N2: 158.0844. Found: 158.0827. 







Obtained as colorless oil. 
1H NMR (400 MHz, CDCl3/TMS)  (ppm): 7.207.24 (m, 1H), 7.28m, 1H 7.357.41 (m, 3H), 
7.467.51 (m, 2H), 7.87 (br.s, 1H). 
LRMS (EI) m/z: 144 (M+). 
HRMS: Calcd. for C9H8N2: 144.0687. Found: 144.0677. 




Recrystallized from Et2O/hexane, yellow prisms, mp 143145 °C (lit.8 mp 152–154 ºC). 
1H NMR (400 MHz, CDCl3/TMS)  (ppm): 7.267.29 (m, 1H), 7.34 (m, 1H), 7.54 (d, 2H, J = 8.8 Hz), 
7.81 (dd, 2H, J = 6.8, 2.0 Hz), 7.96 (br.s, 1H). 
13C{1H} NMR (150 MHz, CDCl3/TMS)  (ppm): 111.2, 117.7, 117.8, 121.4, 131.5, 134.2, 135.3, 
140.5. 
LRMS (EI) m/z: 169 (M+). 
HRMS: Calcd. for C10H7N3: 169.0640. Found: 169.0647. 
IR (neat): 3903, 3753, 2960, 2854, 2372, 2359, 1733, 1559, 1271, 831 cm-1. 
 
N-(4-Ethoxycarbonylphenyl)imidazole (17e)  
 
Recrystallized from Et2O, colorless needles, mp 103104 °C (lit.10 mp 101–103 ºC). 
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1H NMR (400 MHz, CDCl3/TMS)  (ppm): 1.42 (t, 3H, J = 7.1 Hz), 4.42q, 2H, J = 7.1 Hz 
7.247.26 (m, 1H), 7.36 (s, 1H), 7.47 (dd, 2H, J = 6.6, 1.7 Hz), 7.95 (br.s, 1H), 8.168.18 (m, 2H). 
13C{1H} NMR (150 MHz, CDCl3/TMS)  (ppm): 14.4, 61.4, 117.9, 120.7, 129.5, 131.2, 131.6, 135.5, 
140.7, 165.6. 
LRMS (EI) m/z: 216 (M+). 
HRMS: Calcd. for C12H12N2O2: 216.0899. Found: 216.0900. 
IR (neat): 3852, 3674, 2926, 2853, 2374, 1733, 1652, 1508, 1369, 1122 cm-1. 
 
N-(2-Methylphenyl)imidazole (17f)  
 
Obtained as yellow oil. 
1H NMR (400 MHz, CDCl3/TMS)  (ppm): 2.19 (s, 3H), 7.06 (s, 1H), 7.22d, 2H, J = 8.2 Hz 
7.277.37 (m, 3H), 7.59 (br.s, 1H). 
LRMS (EI) m/z: 158 (M+). 
HRMS: Calcd. for C10H10N2: 158.0844. Found: 158.0827. 




Recrystallized from AcOEt/hexane, colorless prisms, mp 9193 °C (lit.9 mp 98–99 ºC). 
1H NMR (400 MHz, CDCl3/TMS)  (ppm): 7.23 (br.s, 1H), 7.26 (br.s, 1H), 7.34 (d, 2H, J = 8.8 Hz), 
7.46 (d, 2H, J = 8.8 Hz), 7.83 (br.s, 1H). 
13C{1H} NMR (100 MHz, CDCl3/TMS)  (ppm): 118.2, 122.7, 130.1, 130.8, 133.2, 135.6, 135.9. 
LRMS (EI) m/z: 178 (M+). 
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HRMS: calcd for C9H735ClN2: 178.0298, found: 178.0292. 




Recrystallized from AcOEt/hexane, colorless needles, mp 120122 °C (lit.10 mp 120–122 ºC). 
1H NMR (500 MHz, CDCl3/TMS)  (ppm): 7.207.24 (m, 1H), 7.257.26 (m, 1H), 7.28 (dt, 2H, J = 
9.3, 2.5 Hz), 7.61 (dt, 2H, J = 9.3, 2.5 Hz), 7.84 (br.s, 1H). 
13C{1H} NMR (150 MHz, CDCl3/TMS)  (ppm): 118.2, 121.0, 123.0, 130.8, 133.0, 135.5, 136.4. 
LRMS (EI) m/z: 222 (M+). 
HRMS: Calcd. for C9H779BrN2: 221.9793. Found: 221.9774. 




Obtained as a colorless solid, mp 98100 °C (lit.11 mp 96–97 ºC). 
1H NMR (400 MHz, CDCl3/TMS)  (ppm): 3.89 (s, 3H), 7.07 (d, 2H, J = 8.8 Hz), 7.297.35 (m, 2H), 
7.41 (d, 2H, J = 8.8 Hz), 7.447.47 (m, 1H), 7.867.88 (m, 1H), 8.05 (s, 1H). 
13C{1H} NMR (100MHz, CDCl3/TMS)  (ppm): 55.6, 110.3, 115.1, 120.5, 122.5, 123.5, 125.7, 129.1, 
134.2, 142.5, 143.8, 159.3. 
LRMS (EI) m/z: 224 (M+). 







Obtained as a colorless solid, mp 110113 °C. 
1H NMR (400 MHz, CDCl3/TMS)  (ppm): 3.82 (s, 3H), 6.90 (d, 2H, J = 8.8 Hz), 7.10 (s, 1H), 7.13 (d, 
2H, J = 8.8 Hz), 7.227.26 (m, 4H), 7.397.42 (m, 2H). 
13C{1H} NMR (100 MHz, CDCl3/TMS)  (ppm): 55.4, 114.5, 123.1, 127.0, 128.1, 128.05, 128.08, 
128.7, 130.3, 131.5, 146.7, 159.2. 
LRMS (EI) m/z: 250 (M+). 
HRMS: calcd for C16H14N2O: 250.1106, found: 250.1102. 
 
N-(4-Methoxyphenyl)-4-methylimidazole (18c-1) and N-(4-methoxyphenyl)-5-methylimidazole 
(18c-2) 
 
Obtained as a colorless solid. The 1H NMR spectrum demonstrated that the ratio of 18c-1 and 18c-2   
was  ca.  3:2 (Condition A). 
1H NMR (400 MHz, CDCl3/TMS)  (ppm): 2.13 (s, 1.2H), 2.29 (s, 1.8H), 3.84 (s, 1.8H), 3.86 (s, 
1.2H), 6.88 (s, 0.4H), 6.92 (s, 0.6H), 6.97 (d, 1.2H J = 9.0 Hz), 6.99 (d, 0.8H, J = 9.2 Hz), 7.20 (d, 
0.8H, J = 9.2 Hz), 7.27 (d, 1.2H, J = 9.0 Hz), 7.52 (s, 0.4H), 7.65 (d, J = 1.4 Hz, 0.6H). 




Obtained as yellow oil.  
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1H NMR(400 MHz, CDCl3/TMS)  (ppm): 3.84 (s, 3H), 6.43 (t, 1H, J = 1.9 Hz), 6.97 (d, 2H, J = 9.0 
Hz), 7.59 (d, 2H, J = 9.0 Hz), 7.69 (d, 1H, J = 1.9 Hz), 7.82 (d, 1H, J = 1.9 Hz). 
13C{1H} NMR (100 MHz, CDCl3/ TMS)  (ppm): 55.5, 107.1, 114.5, 120.9, 126.8, 134.0, 140.6, 
158.2. 
LRMS (EI) m/z:174 (M+). 






Preparation of Starting Materials (19a−19q) 
Method A 
Benzoyl chloride (1.0 mmol) was added to a mixture of (substituted) aniline (1.1 mmol), DMAP (0.1 
mmol), and triethylamine (1.2 mmol) in DCM (1 mL) at 0 °C. The reaction mixture was stirred at 
room temperature for 6 h. The reaction was quenched by adding water (10 mL) and extracted with 
AcOEt (10 mL × 3). The organic layer was washed with brine and dried over MgSO4. The solvent was 
removed under a reduced pressure and the residue was purified by SiO2 column chromatography. 
Method B 
Benzoic acid (1.0 mmol) was added to a mixture of (substituted) aniline (1.1 mmol), EDC∙HCl (1.2 
mmol), and triethylamine (1.2 mmol) in DCM (1 mL) at 0 °C. The reaction mixture was stirred at 
room temperature for 6 h. The reaction was quenched by adding water (10 mL) and extracted with 
AcOEt (10 mL × 3). The organic layer was washed with brine and dried over MgSO4. The solvent was 
removed under a reduced pressure and the residue was purified by SiO2 column chromatography. 
  
4. Spectroscopic and Analytical Data for 19a–19q 
2-Methyl-N-phenylbenzamide (19a) 
 
Prepared according to Method A.  
Recrystallized from acetone/hexane, colorless needles, mp 125−126 °C (lit.12 mp 125−126 °C). 
1H NMR (400 MHz, CDCl3/TMS) δ (ppm): 2.41 (3H, s), 7.097.37 (7H, m),  (2H, d, J = 6.8 Hz), 
7.87 (1H, br.s.); 13C{1H} NMR (100 MHz, CDCl3/TMS) δ (ppm): 19.6, 119.9, 124.3, 125.7, 126.6, 
128.9, 130.0, 131.0, 136.2, 136.3, 138.0, 168.2; LRMS (EI) m/z: 211 (M+); HRMS: Calcd. for 





Prepared according to Method B. 
Recrystallized from acetone/hexane, colorless needles, mp 148−150 °C (lit.13 mp 98 °C). 
1H NMR (400 MHz, CDCl3/TMS) δ (ppm): 2.34 (3H, s), 2.44 (3H, s), 7.12−7.16 (3H, m), 7.28 (1H, s), 
7.35 (2H, t, J = 7.8 Hz), 7.50 (1H, s), 7.60 (2H, d, J = 7.8 Hz); 13C{1H} NMR (150 MHz, 
CDCl3/TMS) δ (ppm): 19.2, 20.7, 119.8, 124.4, 127.2, 129.0, 130.8, 131.0, 133.0, 135.4, 136.2, 138.0, 
168.3; LRMS (EI) m/z: 225 (M+); HRMS: Calcd. for C15H15NO: 225.1154, found: 225.1151; IR (neat): 




Prepared according to Method B. 
Recrystallized from acetone/hexane, colorless needles, mp 170−171 °C (lit.14 mp 156−157 °C). 
1H NMR (400 MHz, CDCl3/TMS) δ (ppm): 2.29 (3H, s), 2.32 (6H, s), 6.86 (2H, s), 7.13 (1H, t, J = 
7.6 Hz), 7.34 (2H, t, J = 7.6 Hz), 7.49 (1H, br.s), 7.58 (2H, d, J = 7.6 Hz); 13C{1H} NMR (100 MHz, 
CDCl3/TMS) δ (ppm): 19.1, 21.1, 119.8, 124.5, 128.3, 129.0, 134.2, 134.9, 137.9, 138.8, 168.8; LRMS 
(EI) m/z: 239 (M+); HRMS: Calcd. for C16H17NO: 239.1310, found: 239.1322; IR (neat): 3279, 1654, 




Prepared according to Method B. 
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Recrystallized from acetone/hexane, colorless needles, mp 105−107 °C. 
1H NMR (400MHz, CDCl3/TMS) δ (ppm): 2.40 (3H, s), 3.78 (3H, s), 6.876.90 (1H, m), 6.99 (1H, s), 
7.127.15 (2H, m), 7.35 (2H, t, J = 7.8 Hz), 7.587.60 (3H, m); 13C{1H} NMR (100 MHz, 
CDCl3/TMS) δ (ppm):18.8, 55.4, 112.2, 115.9, 119.9, 124.5, 127.9, 129.1, 132.2, 137.3, 137.9, 157.6, 
167.8; LRMS (EI) m/z: 241 (M+); HRMS: Calcd.for C15H15NO2: 241.1103, found: 241.1098; IR (neat): 




Prepared according to Method B. 
Recrystallized from acetone/hexane, colorless needles, mp 172−174 °C. 
1H NMR (400 MHz, CDCl3/TMS) δ (ppm): 2.45 (3H, s), 7.157.20 (2H, m), 7.307.39 (3H, m), 7.44 
(1H, s), 7.52 (1H, s), 7.60 (2H, d, J = 7.6 Hz); 13C{1H} NMR (100 MHz, CDCl3/TMS) δ (ppm): 19.1, 
120.1, 124.8, 126.6, 129.1, 130.1, 131.5, 132.5, 134.8, 137.6, 137.7, 166.7; LRMS (EI) m/z: 245 (M+); 





Prepared according to Method B. 
Recrystallized from acetone/hexane, colorless needles, mp 158−160 °C. 
1H NMR (400 MHz, CDCl3/TMS) δ (ppm): 2.42 (3H, s), 7.117.18 (2H, m), 7.36 (2H, t, J = 8.0 Hz), 
7.45 (1H, dd, J = 8.4, 2.0 Hz), 7.587.60 (4H, m); 13C{1H} NMR (100 MHz, CDCl3/TMS) δ (ppm): 
19.2, 119.2, 120.0, 124.8, 129.1, 129.5, 132.8, 133.1, 135.3, 137.6, 138.1, 166.5; LRMS (EI) m/z: 289 
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(M+); HRMS: Calcd. for C14H1279BrNO: 289.0102, found: 289.0109; IR (neat): 3281, 1652, 1522, 




Prepared according to Method B. 
Recrystallized from acetone/hexane, colorless needles, mp 145−146 °C. 
1H NMR (400 MHz, CDCl3/TMS) δ (ppm): 2.44 (3H, s), 7.02 (1H, d, J = 7.8 Hz), 7.17 (1H, t, J = 7.3 
Hz), 7.367.40 (3H, m), 7.61 (2H, d, J = 7.3 Hz), 7.67 (1H, dd, J = 8.0, 2.0 Hz), 7.80 (1H, s); 13C{1H} 
NMR (100 MHz, CDCl3/TMS) δ (ppm): 19.4, 90.2, 120.0, 124.8, 129.1, 133.1, 135.2, 136.0, 137.6, 
138.5, 139.1, 166.3; LRMS (EI) m/z: 336 (M+); HRMS: Calcd. for C14H12INO: 336.9964, found: 




Prepared according to Method A. 
Recrystallized from acetone/hexane, colorless needles, mp 142−145 °C (lit.15 mp 141142.5 °C). 
1H NMR (400 MHz, CDCl3/TMS) δ (ppm): 1.28 (3H, t, J = 7.8 Hz), 2.86 (2H, q, J = 7.8 Hz), 7.16 (1H, 
t, J = 7.3 Hz), 7.247.48 (7H, m), 7.61 (2H, d, J = 8.8 Hz); 13C{1H} NMR (100 MHz, CDCl3/TMS) δ 
(ppm): 15.9, 26.3, 119.9, 124.5, 125.9, 126.6, 129.1, 129.6, 130.3, 136.2, 138.0, 142.6, 168.2; LRMS 
(EI) m/z: 225 (M+); HRMS: Calcd.for C15H15NO: 225.1154, Found: 225.1149; IR (neat): 2360, 1637, 






Prepared according to Method A. 
Recrystallized from acetone/hexane, colorless needles, mp 145−147 °C (lit.16 mp 143.5144 °C). 
1H NMR (400 MHz, CDCl3/TMS) δ (ppm): 2.32 (3H, s), 2.46 (3H, s), 7.13−7.20 (2H, m),  7.21−7.24 
(2H, m), 7.32 (1H, t, J = 7.3 Hz), 7.41 (1H, d, J = 7.3 Hz), 7.47 (2H, d, J = 7.3 Hz), 7.59 (1H, br.s.); 
13C{1H} NMR (150 MHz, CDCl3/TMS) δ (ppm): 19.8, 20.9, 120.0, 125.8, 126.6, 129.5, 130.0, 131.1, 
134.1, 135.5, 136.3, 136.5, 168.1; LRMS (EI) m/z: 225 (M+); HRMS: Calcd. for C15H15NO: 225.1154, 




Prepared according to Method A. 
Recrystallized from acetone/hexane, colorless needles, mp 147−149 °C (lit.17 mp 143144.5 °C). 
1H NMR (400 MHz, CDCl3/TMS) δ (ppm): 2.49 (3H, s), 3.81 (3H, s), 6.90 (2H, d, J = 8.8 Hz), 
7.237.24 (2H, m), 7.337.36 (1H, m), 7.437.53 (4H, m); 13C{1H} NMR (100 MHz, CDCl3/TMS) δ 
(ppm): 19.8, 55.5, 114.2, 121.7, 125.8, 126.6, 130.1, 131.1, 131.2, 136.4, 136.5, 156.6, 167.9; LRMS 
(EI) m/z: 241 (M+); HRMS: Calcd. for C15H15NO2: 241.1103, found: 241.1134; IR (neat): 3281, 1644, 




Prepared according to Method A. 
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Recrystallized from acetone/hexane, colorless needles, mp 143−145 °C. 
1H NMR (400MHz, CDCl3/TMS) δ (ppm): 2.50 (3H, s), 7.06 (2H, t, J = 8.8 Hz), 7.257.28 (2H, m), 
7.37 (1H, t, J = 7.1 Hz), 7.467.48 (2H, m), 7.58 (2H, s); 13C{1H} NMR (100 MHz, CDCl3/TMS) δ 
(ppm): 19.7, 115.6 (d, JFC = 23.0 Hz), 121.8 (d, JFC = 8.2 Hz), 125.8, 126.6, 130.2, 131.2, 134.0 (d, JFC 
= 2.5 Hz), 136.1, 136.3, 159.5 (d, JFC = 228.0 Hz), 168.4; LRMS (EI) m/z: 229 (M+); HRMS: Calcd.for 




Prepared according to Method A. 
Recrystallized from acetone/hexane, colorless needles, mp 135−137 °C (lit.18 mp 138 °C). 
1H NMR (400MHz, CDCl3/TMS) δ (ppm): 2.51 (3H, s), 7.257.49 (7H, m), 7.58 (2H, d, J = 8.3 Hz); 
13C{1H} NMR (100 MHz, CDCl3/TMS) δ (ppm): 19.7, 121.1, 125.9, 126.6, 129.0, 129.5, 130.4, 131.3, 
136.0, 136.4, 136.6, 168.1; LRMS (EI) m/z: 245 (M+); HRMS: Calcd. for C14H1235ClNO: 245.0607, 




Prepared according to Method A. 
Recrystallized from acetone/hexane, colorless needles, mp 144−146 °C. 
1H NMR (400MHz, CDCl3/TMS) δ (ppm): 2.51 (3H, s), 7.267.29 (2H, m), 7.367.52 (7H, m); 
13C{1H} NMR (100 MHz, CDCl3/TMS) δ (ppm): 19.7, 117.0, 121.5, 125.8, 126.6, 130.3, 131.2, 131.9, 
135.9, 136.3, 137.1, 168.2; LRMS (EI) m/z: 289 (M+); HRMS: Calcd.for C14H1279BrNO: 289.0102, 




Prepared according to Method A. 
Recrystallized from acetone/hexane, colorless needles, mp 160−164 °C. 
1H NMR (400MHz, CDCl3/TMS) δ (ppm): 2.49 (3H, s), 7.237.28 (2H, m), 7.357.49 (5H, m), 7.66 
(2H, d, J = 8.8 Hz); 13C {1H} NMR (150 MHz, CDCl3/TMS) δ (ppm): 19.8, 87.7, 121.7, 125.9, 126.5, 
130.4, 131.3, 136.0, 136.4, 137.7, 137.9, 168.1; LRMS (EI) m/z: 337 (M+); HRMS: Calcd.for 
C14H12INO: 336.9964 , found: 336.9957; IR (neat): 3217, 1651, 1529, 1485, 1390, 1321, 1242, 1004 
cm-1. 
 
Methyl 4-(2-methylbenzamido)benzoate (19p) 
 
Prepared according to Method A. 
Recrystallized from acetone/hexane, colorless prisms, mp 162−165 °C (lit.19 mp 159.9160.8 °C). 
1H NMR (400MHz, CDCl3/TMS) δ (ppm): 2.52 (3H, s), 3.92 (3H, s), 7.277.30 (2H, m), 7.39 (1H, t, 
J = 7.3 Hz), 7.49 (1H, d, J = 7.8 Hz), 7.59 (1H, s), 7.71 (2H, d, J = 8.8 Hz), 8.06 (2H, d, J = 8.8 Hz); 
13C{1H} NMR (100 MHz, CDCl3/TMS) δ (ppm): 19.8, 52.0, 118.9, 125.8, 126.0, 126.6, 130.6, 130.9, 
131.4, 135.9, 136.6, 142.1, 166.5, 168.1; LRMS (EI) m/z: 269 (M+); HRMS: Calcd. for C16H15NO3: 
269.1052, found: 269.1055; IR (neat): 3221, 1718, 1653, 1533, 1406, 1282 cm-1. 
 
Representative Procedure for 2-phenylisoindolin-1-one Synthesis (Table 17, entry 9) 
In a glove box, 2-methyl-N-phenylbenzamide (19a, 21.1 mg, 0.10 mmol), CuI (1.9 mg, 0.010 mmol), 
DMAP (3.7 mg, 0.030 mmol), and tBuOOtBu (29.2 mg, 0.20 mmol) were added in a sealed tube and 
then DCM (0.5 mL) was added. The mixture was stirred at 100 °C for 24 h. The reaction was 
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quenched by adding water (10 mL) and extracted with AcOEt (10 mL × 3). The organic layer was 
washed with brine (10 mL) and dried over MgSO4. The solvent was removed under a reduced pressure 
and the residue was purified by SiO2 column chromatography to give 20a (17.3 mg, 82 %). 
 
Spectroscopic and Analytical Data for 20a–q 
2-Phenylisoindolin-1-one (20a) 
 
20a was obtained in 82% yield (17.3 mg), recrystallized from acetone/hexane, colorless prisms, mp 
168−170 °C (lit.20 mp 162163 °C). 
1H NMR (400 MHz, CDCl3/TMS) δ (ppm): 4.84 (2H, s), 7.17 (1H, t, J = 7.6 Hz), 7.42 (2H, t, J = 8.3 
Hz), 7.50 (2H, t, J = 7.2 Hz), 7.59 (1H, t, J = 7.2 Hz), 7.86 (2H, d, J = 8.3 Hz), 7.91 (1H, d, J = 7.2 
Hz); 13C{1H} NMR (100 MHz, CDCl3/TMS) δ (ppm): 50.7, 119.4, 122.6, 124.1, 124.4, 128.3, 129.1, 
132.0, 133.2, 139.5, 140.1, 167.5; LRMS (EI) m/z: 209 (M+); HRMS: Calcd. for C14H11NO: 209.0841, 




20b was obtained in 84% yield (18.7 mg), recrystallized from acetone/hexane, colorless needles, mp 
189−191 °C (lit.21 mp 190191 °C). 
1H NMR (400 MHz, CDCl3/TMS) δ (ppm): 2.45 (3H, s), 4.80 (2H, s), 7.16 (1H, t, J = 7.3 Hz), 
7.397.44 (4H, m), 7.72 (1H, s), 7.86 (2H, d, J = 8.8 Hz); 13C{1H} NMR (150 MHz, CDCl3/TMS) δ 
(ppm): 21.3, 50.5, 119.4, 122.3, 124.27, 124.31, 129.1, 133.1, 133.3, 137.3, 138.4, 139.6, 167.6; 
LRMS (EI) m/z: 223 (M+); HRMS: Calcd. for C15H13NO: 223.0997, found: 223.0991; IR (neat): 2360, 




20c was obtained in 70% yield (16.7 mg), recrystallized from acetone/hexane, colorless needles, mp 
158−159 °C. 
1H NMR (400 MHz, CDCl3/TMS) δ (ppm): 2.41 (3H, s), 2.72 (3H, s), 4.72 (2H, s), 7.03 (1H, s), 7.10 
(1H, s), 7.14 (1H, t, J = 7.8 Hz), 7.40 (2H, t, J = 7.8 Hz), 7.85 (2H, d, J = 7.8 Hz); 13C{1H} NMR (100 
MHz, CDCl3/TMS) δ (ppm): 17.3, 21.7, 49.9, 119.2, 120.5, 124.0, 127.7, 129.0, 131.4, 138.0, 139.8, 
141.1, 142.3, 168.4; LRMS (EI) m/z: 237 (M+); HRMS: Calcd. for C16H15NO: 237.1154, found: 




20d was obtained in quantitative yield (23.4 mg), recrystallized from acetone/hexane, colorless 
needles, mp 175178 °C. 
1H NMR (600MHz, CDCl3/TMS) δ (ppm): 3.90 (3H, s), 4.81 (2H, s), 7.157.20 (2H, m), 7.407.45 
(4H, m), 7.86 (2H, d, J = 8.3 Hz); 13C{1H} NMR (150 MHz, CDCl3/TMS) δ (ppm): 50.3, 55.7, 106.6, 
119.4, 120.7, 123.5, 124.4, 129.1, 132.3, 134.5, 139.6, 160.2, 167.5; LRMS (EI) m/z: 239 (M+); 
HRMS: Calcd.for C15H13NO2: 239.0946, found: 239.0946; IR (neat): 1669, 1654, 1559, 1490, 1457, 





20e was obtained in 57% yield (42.1 mg, 0.3 mmol scale), recrystallized from acetone/hexane, 
colorless needles, mp 209−210 °C. 
1H NMR (400 MHz, CDCl3/TMS) δ (ppm): 4.84 (2H, s), 7.207.22 (1H, m), 7.417.47 (3H, m), 7.57 
(1H, dd, J = 8.3, 2.0 Hz), 7.83 (2H, m), 7.89 (1H, d, J = 2.0 Hz); 13C{1H} NMR (100 MHz, 
CDCl3/TMS) δ (ppm): 50.4, 119.6, 123.9, 124.3, 124.8, 129.2, 132.3, 134.8, 135.0, 138.2, 139.1, 
164.6; LRMS (EI) m/z: 243 (M+); HRMS: Calcd. for C14H1035ClNO: 243.0451, found: 243.0444; IR 




20f was obtained in 50% yield (14.1 mg), recrystallized from acetone/hexane, colorless prisms, mp 
224226°C. 
1H NMR (400 MHz, CDCl3/TMS) δ (ppm): 4.83 (2H, s), 7.20 (1H, t, J = 7.6 Hz), 7.397.46 (3H, m), 
7.71 (1H, dd, J = 8.0, 2.0 Hz), 7.85 (2H, d, J = 7.8 Hz), 8.06 (1H, d, J = 2.0 Hz); 13C{1H} NMR (150 
MHz, CDCl3/TMS) δ (ppm): 50.5, 119.6, 122.5, 124.2, 124.8, 127.3, 129.2, 135.1, 135.3, 138.7, 139.1, 
166.0; LRMS (EI) m/z: 287 (M+); HRMS: Calcd. for C14H1079BrNO: 286.9946, found: 286.9912; IR 




20g was obtained in 44% yield (14.9 mg), recrystallized from acetone/hexane, colorless prisms, mp 
236238 °C. 
1H NMR (600 MHz, CDCl3/TMS) δ (ppm): 4.80 (2H, s), 7.20 (1H, t, J = 7.6 Hz), 7.28 (1H, d, J = 8.2 
Hz), 7.43 (2H, t, J = 7.6 Hz), 7.83 (2H, d, J = 8.2 Hz), 7.90 (1H, d, J = 8.2 Hz), 8.26 (1H, s); 13C{1H} 
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NMR (150 MHz, CDCl3/TMS) δ (ppm): 50.5, 93.4, 119.6, 124.4, 124.8, 129.2, 133.3, 135.3, 139.1, 
139.4, 140.8, 165.8; LRMS (EI) m/z: 335 (M+); HRMS: Calcd. for C14H10INO: 334.9807, found: 




20i was obtained as colorless oil (46% yield, 10.2 mg). 
1H NMR (400MHz, CDCl3/TMS) δ (ppm): 1.46 (3H, d, J = 6.8 Hz), 5.21 (1H, q, J = 6.8 Hz), 
7.227.24 (1H, m), 7.46 (2H, t, J = 8.3 Hz), 7.51 (2H, t, J = 8.3 Hz), 7.587.63 (3H, m), 7.93 (1H, d, J 
= 7.8 Hz); 13C{1H} NMR (150 MHz, CDCl3/TMS) δ (ppm): 18.7, 56.9, 121.9, 123.3, 124.1, 125.3, 
128.3, 129.0, 131.7, 132.0, 137.0, 146.2, 166.8; LRMS (EI) m/z: 223 (M+); HRMS: Calcd. for 




20j was obtained in 70% yield (15.6 mg), recrystallized from acetone/hexane, colorless prisms, 
mp136−138 °C (lit.22 mp 134135 °C). 
1H NMR (400MHz, CDCl3/TMS) δ (ppm): 2.35 (3H, s), 4.83 (2H, s), 7.24 (2H, d, J = 8.3 Hz), 
7.487.51 (2H, m), 7.567.60 (1H, m), 7.73 (2H, d, J = 8.3 Hz), 7.91 (1H, d, J = 6.8 Hz); 13C{1H} 
NMR (100 MHz, CDCl3/TMS) δ (ppm): 20.8, 50.7, 119.6, 122.4, 124.1, 128.3, 129.7, 131.9, 133.4, 
134.3, 137.1, 140.2, 167.4; LRMS (EI) m/z: 223 (M+); HRMS: Calcd. for C15H13NO: 223.0997, found: 






20k was obtained in 66% yield (15.7 mg), recrystallized from acetone/hexane, colorless prisms, mp 
144−145 °C (lit.23 mp 130134 °C). 
1H NMR (600 MHz, CDCl3/TMS) δ (ppm): 3.83 (3H, s), 4.83 (2H, s), 6.97 (2H, d, J = 8.9 Hz), 
7.497.51 (2H, m), 7.577.60 (1H, m), 7.74 (2H, d, J = 8.9 Hz), 7.92 (1H, d, J = 7.6 Hz); 13C{1H} 
NMR (100 MHz, CDCl3/TMS) δ (ppm): 51.1, 55.3, 114.3, 121.5, 122.5, 124.1, 128.3, 131.8, 132.7, 
133.3, 140.1, 156.7, 167.2; LRMS (EI) m/z: 239 (M+); HRMS: Calcd. for C15H13NO2: 239.0946, 




20l was obtained in quantitative yield (22.7 mg), recrystallized from acetone/hexane, colorless prisms, 
mp 176178 °C. 
1H NMR (400MHz, CDCl3/TMS) δ (ppm): 4.84 (2H, s), 7.12 (2H, t, J = 9.2 Hz), 7.507.53 (2H, m), 
7.587.62 (1H, m), 7.807.84 (2H, m), 7.92 (1H, d, J = 8.3 Hz); 13C{1H} NMR (150 MHz, 
CDCl3/TMS) δ (ppm): 51.0, 115.8 (d, JFC = 22.9 Hz), 121.3 (d, JFC = 8.6 Hz), 122.6, 124.2, 128.5, 
132.1, 133.0 , 135.6 (d, JFC = 2.9 Hz), 140.0, 159.5 (d, JFC = 243.5 Hz), 167.4; LRMS (EI) m/z: 227 
(M+); HRMS: Calcd.for C14H10FNO: 227.0746, found: 227.0768; IR (neat): 1676, 1559, 1507, 1490, 





20m was obtained in 70% yield (17.0 mg), recrystallized from acetone/hexane, colorless needles, mp 
180183 °C (lit.24 mp 184185 °C). 
1H NMR (400MHz, CDCl3/TMS) δ (ppm): 4.80 (2H, s), 7.36 (2H, d, J = 8.8 Hz), 7.50 (2H, d, J = 6.8 
Hz), 7.59 (1H, t, J = 7.3 Hz), 7.82 (2H, d, J = 8.8 Hz), 7.89 (1H, d, J = 7.3 Hz); 13C{1H} NMR (150 
MHz, CDCl3/TMS) δ (ppm): 50.5, 120.3, 122.6, 124.1, 128.4, 129.1, 129.4, 132.2, 132.8, 138.0, 139.8, 
167.4; LRMS (EI) m/z: 243 (M+); HRMS: Calcd.for C14H10ClNO: 243.0451, found: 243.0451; IR 




20n was obtained in 57% yield (16.4 mg), recrystallized from acetone/hexane, colorless needles, mp 
180184 °C (lit.24 mp 183 °C). 
1H NMR (400MHz, CDCl3/TMS) δ (ppm): 4.82 (2H, s), 7.497.53 (4H, m), 7.597.63 (1H, m), 
7.767.79 (2H, m), 7.92 (1H, d, J = 8.3 Hz); 13C{1H} NMR (100 MHz, CDCl3/TMS) δ (ppm): 50.5, 
117.2, 120.7, 122.6, 124.2, 128.5, 132.1, 132.3, 132.9, 138.6, 139.8, 167.5; LRMS (EI) m/z: 287 (M+); 
HRMS: Calcd.for C14H1079BrNO: 286.9946 , found: 286.9938; IR (neat): 1680, 1490, 1466, 1380, 1335, 




20o was obtained in quantitative yield (33.4 mg), recrystallized from acetone/hexane, colorless prisms, 
mp 196−199 °C (lit.25 mp 200203 °C). 
1H NMR (400MHz, CDCl3/TMS) δ (ppm): 4.79 (2H, s), 7.50 (2H, d, J = 5.4 Hz), 7.577.61 (1H, m), 
7.647.71 (4H, m), 7.88 (1H, d, J = 7.3 Hz); 13C{1H} NMR (150 MHz, CDCl3/TMS) δ (ppm): 50.4, 
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87.9, 121.0, 122.6, 124.2, 128.5, 132.3, 132.9, 138.0, 139.3, 139.8, 167.5; LRMS (EI) m/z: 335 (M+); 
HRMS: Calcd. for C14H10INO: 334.9807, found: 334.9795; IR (neat): 1683, 1576, 1490, 1377, 1333, 
1303, 1158, 1149 cm-1. 
 
Methyl 4-(1-oxoisoindolin-2-yl)benzoate (20p) 
 
20p was obtained in 74% yield (19.8 mg), recrystallized from acetone/hexane, colorless prisms, mp 
218−220 °C (lit.26 mp 201 °C). 
1H NMR (600MHz, CDCl3/TMS) δ (ppm): 3.92 (3H, s), 4.90 (2H, s), 7.517.54 (2H, m), 7.63 (1H, t, 
J = 7.6 Hz), 7.93 (1H, d, J = 7.6 Hz), 8.00 (2H, d, J = 8.2 Hz), 8.10 (2H, d, J = 8.9 Hz); 13C{1H} NMR 
(150 MHz, CDCl3/TMS) δ (ppm): 50.5, 52.0, 118.0, 122.7, 124.4, 125.5, 128.6, 130.9, 132.6, 132.8, 
139.9, 143.5, 166.6, 167.8; LRMS (EI) m/z: 267 (M+); HRMS: Calcd.for C16H13NO3: 267.0895, found: 
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